Present study reports the effects of metanil yellow, a non-permitted food colouring dye, on the biomarkers of oxidative stress and kidney function in blood and renal tissue of albino Wistar rats and its mitigation by cinnamaldehyde, a major phytoconstituents of cinnamon. Oral administration of metanil yellow in rats caused about 70% reduction in ferric reducing ability (FRAP 5.1 μM/L) and 50% decline in reduced glutathione (GSH 59.27 nM/mg protein) content in plasma with simultaneous increase in serum creatinine level. In kidney tissues, activities of superoxide dismutase (SOD), catalase and GSH dropped while malondialdehyde (MDA) content increased. Co-administration of cinnamaldehyde with metanil yellow showed considerable restorative effect on the biomarkers of plasma antioxidant status and kidney function i.e., FRAP (11.5 μM/L), GSH (83-88.5 nM/mg protein), urea, creatinine, SOD, catalase and MDA. Administration of cinnamaldehyde restored the kidney enzyme activities up to 75% of the base level. The study revealed that reno-protective action of cinnamaldehyde was mediated by lowering oxidative stress level.
Introduction
Free radical generation occurring during detoxification process of xenobiotics creates oxidative stress and causes damage to biomolecules. Kidney plays key roles in excretion as well as electrolyte balance. Recent literature indicates that reactive oxygen species (ROS) play critical roles in kidney damage (Yamabe et al. 2012) . Prevalence of renal disease is estimated to be 8-16% worldwide and chronic kidney disease linked mortality is rising (Jha et al. 2013) .
Metanil yellow, an azo dye, is being used extensively for coloring different foodstuffs in many developing countries as food additive. In India, it is mainly used in providing yellow colour to edible items such as laddu, papadum, biryani, sweets, and ice cream, etc. It is also used as adulterant in turmeric powder (Saxena and Sharma 2014) . Reduced products of azo compounds have been shown to possess toxic and mutagenic properties (Abdulrahman et al. 2013) . Antioxidants neutralize the adverse effects of free radicals. It has been reported that phytochemicals protect kidneys from the harmful effects of free radicals by mitigating renal oxidative stress and augmenting endogenous antioxidant defense system (Ojha et al. 2016) .
Cinnamon, a spice of natural origin, is used worldwide to enhance flavor and fragrance qualities of food materials. Phytochemicals present in cinnamon plant have antioxidant and antimicrobial activities (Pandey et al. 2012) . Cinnamaldehyde, a phenyl propanoid, is a major constituent of cinnamon and has been shown to possess pharmacological activities such as cytotoxic, splenoprotective and hepatoprotective activities (Raouf et al. 2015; Sharma et al. 2016) . Literature is silent about the renoprotective action of cinnamaldehyde in metanil yellow (Myl) induced toxicity. Present study was planned to assess the possible protective effects of cinnamaldehyde on Myl induced renotoxicity in rats. To best of our knowledge this is first report on protective efficacy of cinnamaldehyde against Myl induced renotoxicity.
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Materials and methods

Animal groups and experimental design
Healthy albino Wistar rats of either sex, approximately of same age (weight 150-175 g) were kept in Departmental animal house in well cross (23 ± 2 °C) with light and dark cycles of 12 h for 1 week before and during experiments. Animals were provided with standard pellet diet and water was given ad libitum. The in vivo study was performed in accordance with the Guide for the Care and Use of Laboratory Animals, as adopted and promulgated by the Institutional Animal Care Committee, CPCSEA, India. The animals were divided into five groups with six rats in each group. Renotoxicity was induced by the oral administration of metanil yellow (Myl) for 21 days. Group I was normal control. The animals in groups 2 were fed with Myl at 100 mg/kg body weight (bw). Group 3 and 4 rats were fed with Liv52 (50 mg/kg bw) and cinnamaldehyde (20 mg/kg bw), respectively, along with Myl at 100 mg/kg bw concentrations. The animals in group 5 were vehicle control and fed with olive oil only because test compound cinnamaldehyde was constituted in olive oil. After the experimental period, all animals were sacrificed and the blood and kidney were collected for biochemical studies.
Preparation of kidney tissue homogenate
The 10% (w/v) homogenates of kidney was prepared in 0.25 M sucrose solution and centrifuged at 9000×g for 30 min at 4-6 °C. The supernatant was separated by gentle decantation and used for assay of antioxidant enzymes and estimations of the other biomarkers.
Estimation of serum creatinine
The serum creatinine levels were assayed using commercially available kits supplied by Proton Biologicals, Bangalore as per manufacturer's protocol.
Estimation of ferric reducing ability of plasma (FRAP)
The reducing ability of plasma was measured by the method of Benzie and Strain (1996) . To 0.05 mL plasma, FRAP reagent (containing acetate buffer pH 3.6, 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM HCl, and 20 mM FeCl 3 ·6H 2 O in the ratio of 10:1:1) was added and after 5 min absorbance was measured at 593 nm. Final concentration of cinnamaldehyde in reaction mixture was 0.1 μM/mL. Calibration curve was drawn using ferrous sulfate (100-1000 μM/mL) and results were expressed as FRAP value (μM/L). All analyses were carried out in triplicate and results were expressed as mean ± SD.
Estimation of reduced glutathione (GSH) in plasma and kidney homogenate
The GSH content in plasma and kidney was determined by the method of Ellman (1959) . Briefly, the 50 μL of plasma was mixed individually with 100 μL of 6 mM DTNB, 300 μL of 200 mM phosphate buffer (pH 8.0), and 50 μL of 300 mM NaOH. The absorbance of the reaction mixture was measured at 412 nm. Reduced glutathione (GSH) was used as standard and its level was estimated using regression analysis. All the values were expressed as μg mg −1 protein.
Estimation of malondialdehyde (MDA) in kidney homogenate
Lipid peroxidation was measured in the cytosolic fraction of kidney tissues by the method of Niehaus and Samuelsson (1968) . To 100 μL tissue homogenate, 2 mL thiobarbituric acid (TBA) reagent was added. TBA reagent was prepared by mixing 0.37% TBA, 15% TCA and 0.25 N HCl in 1:1:1 ratio. Reaction mixture was boiled for 1 h. Absorbance of the colour was measured at 532 nm. The results were expressed as nmol MDA/mg protein using the extinction coefficient of 1.56 × 10 5 M −1 cm −1 .
Superoxide dismutase activity
The activity of SOD was measured using the method of Marklund and Marklund (1974) . It is a spectrophotometric measurement of optical density of coloured complex involving pyrogallol auto-oxidation at 412 nm for 3 min at the interval of 30 s with or without the enzyme protein. One unit of the enzyme activity was expressed as 50% inhibition of auto-oxidation of pyrogallol per min.
Catalase activity
The catalase activity was evaluated by measuring the decrease in the absorbance for H 2 O 2 consumption at 240 nm at the interval of 30 s for 3 min (Beers and Sizer 1952) . One unit of CAT activity was defined as micromoles of H 2 O 2 decomposed per min using molar absorbance of H 2 O 2 (43.6 M −1 cm −1 ).
Statistical analysis
All experiments were carried out in triplicate. Results were expressed as mean ± standard deviation (SD). The graphs were prepared using GraphPad Prism software. p values less than 0.05 were considered significant.
Results and discussion
The blood creatinine level is useful 'markers' for the assessment of kidney function. Oral administration of Myl in rats caused elevation in serum creatinine (Table 1) . Coadministration of cinnamaldehyde or Liv52 (an Ayurvedic drug) over 3 weeks accounted for about 40% reduction in serum creatinine with values up to 0.60 mg/dL. The Myl might have either interfered with creatinine metabolism leading to its increased synthesis or decreased excretion by kidney because of defective renal function (Kumar et al. 2014) . The reducing potential of plasma was measured in term of ferric reducing ability of plasma (FRAP value) and the results are shown in the Fig. 1 . Administration of Myl caused decline in FRAP value (5.1 μM/L) indicating about 70% drop in redox potential of plasma. This suggested diminution in antioxidant power of plasma with concomitant increase in oxidative stress. Cinnamaldehyde treatment led to considerable increase in the FRAP value (11.5 μM/L). Results exhibited substantial antioxidant ability in cinnamaldehyde (Kumar et al. 2014) . Reduced glutathione (GSH) is a natural nonenzymatic antioxidant and can easily donate an electron. The level of GSH was determined in rat plasma and kidney tissues to assess the efficacy of cinnamaldehyde against Myl induced oxidative stress (Fig. 2, Table 1 ). Myl treatment (Group 2) caused depletion in plasma GSH content from 128 nM/mg protein to 59.27 nM/mg protein. Co-administration of cinnamaldehyde with Myl led to noticeable increment in the plasma GSH content (88.5 nM/mg protein) while Liv52 The data represent mean ± SD (n = 6; p < 0.001). Group 1-normal control; Group 2-metanil yellow (Myl) treated; Group 3-Liv52 + Myl; Group 4-cinnamaldehyde + Myl; Group 5-olive oil control MDA malonedialdehyde (nM/mg), GSH reduced glutathione (nM/mg), SOD superoxide dismutase (U/mg), CAT catalase (U/mg), creatinine (mg/dL) treatment showed further enhancement up to 99.5 nM/mg protein.
In kidney tissues about 50% depletion of the GSH content (56.3 nM/mg protein) was observed under Myl exposure (Table 1) . Cinnamaldehyde intake augmented renal function by elevating tissue GSH level (≈ 83 nmol/mg protein). The percentage replenishment of the GSH level in tissues after the administration of cinnamaldehyde (Group 4) and Liv52 (Group 3) along with Myl were about 87-91%. GSH is ubiquitous tripeptide involved in oxidation reduction reactions, amino acid transport, detoxification of electrophile and metals, metabolites of xenobiotics, and many carcinogens and, therefore, it is considered as a biomarker of redox imbalance at cellular level (Abdulrahman et al. 2013) . The kidney injury is known to be correlated with low levels of GSH in body fluid and tissues.
MDA, the end product of lipid peroxidation, is one of the most widely used indicators of the cellular redox status. The effects of cinnamaldehyde on MDA are shown in the Table 1 . Under the influence of Myl, the MDA content (1.76 nM/mg protein) increased 2.75 folds as compared with Group 1 rats (0.64 nM/mg protein). Higher MDA content indicated tissue damage and revealed the failure of antioxidant defense against free radicals (Kumar et al. 2014) . Depletion of tissue level of GSH finds direct correlation with lipid peroxidation. However, cinnamaldehyde intake in Myl fed rats resulted in lesser MDA formation suggesting diminution of the lipid peroxidation in kidney tissues.
Superoxide dismutase (SOD) (EC 1.15.1.1) and catalase (CAT) (EC 1.11.1.6) serve as a first line of defense against oxidative stress and used as a biochemical indicators in pathological conditions. SOD converts superoxide anion into hydrogen peroxide. CAT has one of the biggest turnover rates known to man, allowing just one molecule of CAT to convert 6 billion molecules of hydrogen peroxide into water and molecular oxygen (Kumar and Pandey 2015) . SOD and CAT activities in kidney tissues of rats fed with Myl and cinnamaldehyde are shown in Table 1 . Decreased enzyme activities were observed in kidney tissue of group 2 experimental rats. Under Myl influence activities of SOD (15.23 U/mg) and CAT (6.46 U/mg) observed in group 1 were reduced to about half. Co-administration of cinnamaldehyde showed protective effect on kidney by restoring the enzyme activities up to 70-75% of base level. The toxic effect of Myl is mediated by free radical generation which leads to the oxidative deterioration of biomolecules including proteins, lipids and DNA and also induces changes in the number of tissue antioxidant enzymes such as SOD and CAT . The results suggested that cinnamaldehyde had ability to reverse the food colour induced oxidative stress and renotoxicity.
Conclusion
Metanil yellow induced nephrotoxicity resulting from oxidative stress has been attributed to increased generation of free radicals. The study revealed that oxidative stress produced by intake of metanil yellow was responsible for renotoxicity as indicated by alterations in biomarkers of kidney function in blood and tissue. Cinnamaldehyde administration restored kidney function, suppressed oxidative stress, and mitigated the tissue degeneration inflicted by metanil yellow.
